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(57) Abstract 

Tbe system comprises a machine tool (1) with an associated computerised numerical control ^stem (7) and a CAD work 
station (9) of interkctive graphic type. THis includes an electronic pmcessing unit (11) arranged to determine on the basis of a 
mSSSlS of the shape to be formed and the nominal geometrical characteristics of the blank work piece W. the ^ord- 
SSL points which defiie the paths intended to be followed by the too (6) for working tiie blank Pie«^^^^^ 
STmkting to the numerical control system (7) of the machine (1) the coordinates of the pomts of the said paths, gradually as 
they are calculated, for their hnmediate execution by the machmc (1). 



BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFOmATJON ONLY 



Codes used lo ideni'ify States 
applications under the PCT. 

AT Atoiria 

AU Aostrolia 

BB Barbados 

BE Bclgiuni 

BF Burkina Foso 

BG Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CF CiiMToI AWuan Republic 

CG C*4>ngo 

CH Swiixcrland 

CI Cote d'lvotrc 

CM Camuroon 

CS Orcboslovakia 

CZ Crjxh Rcpuhnc 

DE Germany 

0K Denmark 

BS Spatn 

Ft KinlonU 



pany 



to the PCT on 



the front pages of pamphlets publishing international 



PR France 

GA Gabon 

GB United Kingdom 

CH Guinea 

GR Greece 

HU Hungfliy 

IE rrclami 

rr lialy 

jp Japan 

KP Democralic Pcoplc'a Republic 

of Korea 

KR Repubfic of Korea 

KZ Kazakhstan 

LI Ucchlenstein 

LK Sri I jnka 

I.U l4i)temtwure 

MC Monaco 

MC Madagascar 
Ml. Malt 
MN Mongofia 



MR Mauritania 

MW Malawi 

NL Netherlands 

NO Norway 

KZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

SD Sudan 

SE Sweden 

SK Slovak Republic 

■SN SencgA) 

SU Soviet Union 

TO C'had 

TC Togo 

UA Ukraine 

US Uniusd Slates of America 

VN Viet Nam 



wo 93/09482 



PCr/EP92/02468 



A real time tool working system, in particular a 
grinding system 

The present invention relates to a tool working system, 
in particular a grinding system, for producing a 
workpiece such as a die for a motor vehicle body part, 
starting from a die blank of predetermined nominal shape 
and dimensions. In current known methods for the 
production of such a die, the design is first drawn up 
and, then, a mathematical model thereof is defined, for 
example by means of currently available modern CAD 
(Computer Aided Design) instruments. 

The mathematical model, usually integrated with the shape 
of any possible ancillary surfaces (surfaces outside the 
drawing) is utilised for the subsequent generation of a 
part program and for definition of the track or path 
intended to be followed by the tool of the machine 
utilised. This path is defined in relation to the 
nominal dimensions of the die blank from which the 
desired shape is to be formed by working with the tool, 
the type of tool provided, the acceptable tolerance 
limits, the type of tool movements etc. 

Once the programme relating to the tool path has been set 
us and checked this is transferred in the workshop to the 
numerical control system of the machine tool used. The 
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working can then be started. 

in the above described traditional method it can happen 
that the preXiBinarily programed path of the tool is not 
entirely adequate effectively to produce the desired 
Shape. This may be for example because of the fact that 
toe die blank used has dimensional characteristics which 
depart from the nominal characteristics taken into 
consideration in programming the path. This may mean for 
example that in order to produce the desired shape the 
^chine must remove a greater amount of stock than that 
envisaged- 

With the traditional method it is then necessary in this 
case to suspend working and proceed to re-prograxcning of 
. .he working in such a way as to take into account the 
detected differences or errors or possibly other 
indications deriving fro. the operator's experience of 
the machine. Often the suspension of working also 
involves discarding the die blank from the machine, from 
Where this can possibly be used for other purposes whilst 
re-programming of the tool path proceeds. Once this re- 
programming is finished the renewed numerically 
controlled working then generally requires a new loading 
and repositioning of a die blank into the machine. 

Tn such cases the re-programming of the numerically 
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controlled working may take place after a damaging event 
has occurred, such as damage to the die blank being 
worked, damage to the machine tool or breakage of the 
tool etc, and in any event every tool path reprogramming 
intervention involves stopping the machine tool and this 
is detrimental to the efficient productivity of the 
workshop and creates problems from the point of view of 
achieving smooth activity. 

With the above described traditional approach the machine 
tool operator is relegated to a secondary, passive role, 
and his specific know how is only employed and 
marginally . 

The object of the present invention is to provide a tool 
working system which makes it possible to obviate the 
above-described disadvantages. 

This object is achieved according to the invention by 
means of a working system of the type previously 
described, the principal characteristic of which lies in 
the fact that it comprises in combination 

a machine tool, in particular a grinding machine, 
with an associated numerical control system adapted to 
control its operation on the basis of input information 
relating to the intended paths to be followed by the 
tool; and 
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a CAD work station of interactive graphic type, 
including memory means adapted to store a predefined 
xnathematical model of the shape to be formed, and an 
electronic computer unit operable to communicate with the 
numerical control system of the machine tool according to 
predefined protocols; the said unit being pre-arranged to 
determine, on the basis of the said mathematical model 
and of the nominal geometric characteristics of the blank 
workpiece, the coordinates of the points which define 
the paths intended to be followed by the tool of the said 
machine for working the said blank workpiece, and to 
transmit to the numerical control system of the machine 
tool the coordinates of the points of the said paths 
gradually as they are calculated, for immediate execution 

by the machine tool; and 

control means actuable by an operator, adapted to 
allow interaction with the said electronic computer unit 
to modify and/or integrate in real time the paths of the 
tool calculated by the said unit, on the basis of 
observation of the work in progress on the blank 
workpiece. 

With the system according to the invention re-programming 
of the tool paths may become necessary can be made in 
real time, directly on the machine tool. 

The system of the invention therefore makes it possible 
overall to optimise the use of the numerically controlled 
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machine tool and moreover makes it possible to make the 
best use of the knowledge and experience of the employee 
operating the system. 

Further characteristics and advantages of the invention 
will become apparent from the following detailed 
description, made with reference to the attached drawing, 
provided purely by way of non limitative example, in 
which a real time grinding system formed according to the 
invention is schematically illustrated. 

In the drawing the reference numeral 1 generally 
indicates a machine tool, in particular a grinding 
machine, with a bed 2, a workpiece-carrier platform 3 on 
which is mounted a blank work piece 4, and a movable head 
5, movable along three or five axes, which carries the 
tool 6, 

The machine 1 has associated, with it a computerised 
numerical control system indicated 7. By means of a line 

8 a CAD work station 9 of interactive graphic type is 
coupled to this computerised numerical control system. 
In the exemplary embodiment illustrated the work station 

9 comprises a keyboard, a computer 11 with annexed memory 
devices, and a video display 12. 

In the memory devices associated with the computer of the 
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work station 9 there is stored a predefined mathematical 
^aodel of the shape of the work piece, model or die to be 
produced . 

With known programming techniques the computer 11 is 
arranged to determine, on the basis of the mathematical 
ntodel of the shape to be produced and of the nominal 
geometrical characteristics of the blank work piece 4, 
the coordinates of the points which define the paths 
intended to be followed by the tool 6 of the machine 1 
for the purpose of being able to produce the desired 
shape from the said blank work piece. 

The unit 11 is moreover conveniently arranged for two-way 
communication through the line 8 with the computerised 
numerical control system 7 of the machine 1, according to 
predefined protocols. Moreover, the said unit is pre- 
arranged, by means of suitable software, for transmitting 
to the numerical control system 7 of the machine 1 the 
coordinates of the points of the tool paths gradually as 
these are calculated, for their immediate execution by 
the machine. 

in the above-described system the working, in particular 
the grinding of the blank work piece 4, therefore takes 
place in real time* 
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conveniently, by means of suitable applications software, 
the unit 11 of the work station 9 is arranged to allow 
modification and/or integration in real time, on the 
basis of direct observation of the work in progress on 
the blank work piece, the paths of the tool which from 
time to time are calculated to compensate possible 
■ inadequacies of the said paths which must have arisen, 
for example, by the effect of discrepancies in the 
effective geometric dimensions of the blank work piece 
with respect to its real geometric dimensions, or for 
other reasons. 

With the system of the invention, however, when such 
inadequacies become apparent, it is not necessary to stop 
the machine tool and reprogramme the paths, but rather 
such inadequacies can be immediately rectified in real 
time. This makes it possible to optimise the use of the 
machine tool and also makes it possible to avoid having 
to proceed to redefinition ' of the work plans of the 
machine and/ or of the workshop. 

The work station 9 can for example be an SUN work station 
with computervision CAD software or with other specific 
applications software. The machine tool 1 for example be 
a grinding machine produced by JOBS, and the associated 
computerised numerical control system 7 may be a Fidia 
CNC20 system. 
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Naturally, the principal of the invention reiaaining the 
same, the embodiments and details of construction can be 
widely varied with respect to what has been described and 
illustrated purely by way of non- limitative example, 
without by this departing from the ambit of the present 
invention . 
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CLAIMS 

1. A tool working systera, in particular a grinding 
system, for the production of a workpiece such as a die 
for a motor vehicle body part, starting from a blank 
workpiece (4) of predefined nominal shape and dimensions, 
the system being characterised by the fact that it 
comprises, in combination 

a machine tool (1), in particular a grinding 
machine, with an associated computerised numerical 
control system (7) adapted to control the operation of 
the machine tool (1) on the basis of input information 
relating to the intended paths to be followed by the tool 
( 6 ) ; and 

a CAD work station (9) of interactive graphic type, 
including memory means (11) adapted to store a predefined 
mathematical model of the shape to be produced, and an 
electronic processing unit (11) adapted for two-way 
communication with the numerical control system (7) of 
the machine tool (1) according to predefined protocols; 
the said unit (11) being pre-arranged to determine, on 
the basis of the said mathematical model and of the 
nominal geometric characteristics of the blank workpiece 
(4) , coordinates of the points which define the paths 
intended to be followed by the tool (6) of the said 
machine (1) for working the blank workpiece (4), and for 
transmitting to the numerical control system (7) of the 
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machine (1) th. coordinates of the points of the said 
paths, gradually as they are calculated, for their 
immediate execution by the machine (1); and 

control means (10 y actuable by an operator and 
adapted to allow interaction with the said unit (11) to 
modify and/or integrate in real time, on the basis of 
observation of the work in progress on the blank 
workpiece (4), the paths of the tool (6) calculated by 
the said unit (11) ► 
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